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Background

From plaster model to virtual 3D model

* Fundamental relations between architecture, connectivity and function of the cerebral cortex still remain * Starting point; Plaster models from the von Economo era

elusive. This is partly due to a lack of detailed, quantitative cytoarchitectonic data for the human brain * Recent studies [3-5] manually mapped the von Economo and Koskinas parcellation onto the FreeSurfer

Desikan-Killiany atlas [6] based on the textual description and 2D drawingsin [1,2,7]
e Currently, the only comprehensive source of such information is the classic work of von Economo and

Koskinas [1,2] -which, however, is only available in a paper-based 2D atlas in non-standard space * To circumvent previous limitations, we aim to explicitly define a virtual 3D von Economo and Koskinas model
e Qur project aims to construct a virtual 3D model of the von Economo and Koskinas atlas in stereotactic space independent of existing reference geometries - this is made possible with the use of two individual, well-
preserved copies of the 3D plaster model of the cortical parcellation [1,2] manufactured in the 1920s for

illustrative use in medical training - ordered, authenticated and praised for their accuracy by von Economo
himself

Table 6. Summative table of quantitative data in sixteen fundamental areas of the frontal lobe. Overall layer thick-
ness based on the present work. Separate dome and wall data and some additional values supplemented from Ta-
bles |, Ill, V and VI in Economo and Koskinas [1925, pp. 794-801].
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Area  Area name Cortical Layer thick- Layer thick- Layer thick-  Cell content  Cell size, pm*
symbol layer nessatdome  nessatwall  nessove rall  cells/mm® Horinmad:
mm mm mm w{m’ln—maﬂ
Fa precentral area | 0.18 0.20 0.18 7,000 5/6
[11I{) 55,000 8/7
lila 30,000 12/10
liib 147 1.40 1.43 20,000 20/15
lilc 15,000 30-60/20
(V) 13,500 20/10
\' 0.80 0.70 0.85 16,000 20-30/20
m l I 6-120/30-60
Via 1.00 0.70 ] 125 25,000 30/15
Vib 0.70 0.40 ’ 15,000 15/10
Fa agranular frontal 1 0.22 0.27 0.22 7,000 4/8
area [111{] 0.16 65,000 7/8
lila 30,000 17/12
lilb 1.40 ] 1.20 1.50 25,000 30/15
Step 1 o lilc 18,000 35-80/20-30
* () 0.03 30,000
1 V 0.50 0.47 0.50 25,000 30-40/20-25
3 D Sca n n I ng Of Via 0.90 0.33 } 137 24,000 30/15
1 nsi Vib 0.60 0.37 ’ 15,000 15/10
individual parts of
. FC intermediate | 0.26 0.38 0.25 5,000 4/8
Translated and edited by the plaster model frontal area I 012 0.17 0.15 55,000 75
lila 24,000 15-20/8-12
= lilb ] 1.00 0.90 1.00 17,000 25-30/10-12
Lazaros C.Triarhou % 2800  30-50/10-20
\" 0.20 0.25 0.15 45,000 10-15/9
Professor of Neuroscience and Chairman of Educational Policy, E?) } 0.46 043 050 ?g-ggg ;gjgg 8‘20
University of Macedonia, Thessaloniki, Greece Via 070 0350 ] 30,000 30/15
Ste p 5 . Vib 0.45 0.30 L 12,000 15/10
Reg istration to FCB, magnocellular | 021 0.27 0.24 5,000 4/8
agranular Il 0.18 0.18 0.18 55,000 10-15/6-8
intermediate llla 28,000 15-20/8-12
S ta n d a rd S p a ce frontal (Broca's) lib ] 1.00 1.00 1.00 26,000 25-30/10-30
H 1 1 area lilc 20,000 30-60/20-25
I'e‘ MNI 152’ BlgBraIn [\ 0.16 0.18 017 60,000 6-15/4-10
Va 32,000 20-25/10-20
Vb } s i S 16,000 25-45/15-20
Via 0.70 0.55 ] 0.95 20,000 20-30/10-15
Vib 0.40 0.25 ’ 12,500 20/10
Fo granular frontal I 0.21 0.23 0.20 9,000 4-6/8-10
area Il 0.18 0.20 0.19 75,000 5-15/4-12
. lila 32,000 15-20/7-10
S te p 2 ° lilb } g8 089 Rag 16,000 15-40/7-20
H v 0.21 0.26 0.24 85,000 6-10/5-10
ReconStrUCtlon Va, 35,000 15-20/15-20
omg Va, ] 0.45 0.35 0.45 20,000 20-30/15-25
and composition * =t
. o e Via 0.52 0.33 35,000 15-30/10-15
of individual scans Vib 035 020 ] 0.90 15000  15-20/10
Foa  middle granular I 0.25 0.27 0.26 9,000 4-6/8-10
frontal area Il 0.18 022 0.20 65,000 6-7/4-6
10-15/6-8
llla 15-20/7-10
b ] 0.82 0.80 0.81 32,500 20-30/10-15
v 0.24 0.27 0.25 75,000 6-8/5-8
Vv 0.40 0.30 0.35 30,000 20/10-15
Via 0.45 0.35 ] 078 37,000 20/10
Vib 036 0.30 ’ 20,000 20/10
Fig. 62. A patented plaster model of the human brain, with the various cytoarchitectonic areas marked according to For triangular | 0.18 0.25 0.21 8,000 4-6/8-10
the original Economo and Koskinas [1925, 2008] lettering system, and indicated by Economo with various co lors on granular frontal Ml 0.12 0.16 0.14 65,000 6-7/4-6
the caonvexity and median facies of the cerebral hemispheres, was manufactured in the 1920s by Fabrikation Chirur- area la 25,000 10-15/10
gischer Instrumente Carl Reiner, Mariannengasse 17, Wien IX (still operating today in the same locality after four gen- Nb/c } 0.78 1.05 0.91 25000 20-60/15-40
erations). Economo made a demonstration using such a model in his December 3, 1929 lecture at the Section on v 021 024 022 70'000 6-8/5-8
Neurology of the New York Academy of Medicine [Economo, 19301, g]. One additional model is on display at the In- Va 30'000 15-30/15-25
stitut fiir Geschichte der Medizin (Institute for the History of Medicine) of the University of Vienna, next to Economa’s Vb ] 0.38 0.40 0.39 1 2'000 20120
death mask. The numbers in the upper left frame (mid-sagittal hemispheric view) denote the five structural types of vi 050 036 3?’500 20/8-10
isocortex (cf. fig. 8 and 9 in the introductory chapter). Photos courtesy of Nikolaus Reiner, Manufaktur Chirurgischer mi s W } 0.70 e i i)
Instrumente Carl Reiner GmbH, Vienna, Austria. B
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A virtual model in standard space Applications and prospects

For improved usability, the model will be aligned to standard space i.e. MNI-152 e The digital 3D atlas represents a multiparametric atlas, providing the cytoarchitectonic information

of the classic work of von Economo and Koskinas in an easily accessible virtual format, furthermore

allowing for its future integration with neuroinformatics platforms for reference (BigBrain atlas)
and simulation (The Virtual Brain)

* |t offers the prospect of reliably mapping human cytoarchitectonic information [1,2] into common
cortical parcellation schemes - supporting new insights into fundamental relations between
structure, connectivity and function of the human brain

* Comprehensive cytoarchitectonic information [1,2,7] - see figure above -

* will be assigned to the corresponding labels in 3D space

* The resulting digital atlas will be a result of manual verification using two copies of the plaster model,
allowing for a more reliable reconstruction and error estimation both in geometry and texture
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